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(57) This application relates to a fibre structure 
which has, on the fibre surface, a complex oxide com- 
prising titanium and silicon, plus a binder. In particular, 
it relates to a fibre structure which preferably has, on the 
fibre structure, a complex oxide comprising titanium and 
silicon, and at least one type of binder selected from 



alkyl silicate resins, other silicone resins and fluorores- 
ins, and it provides a fibre structure having durable de- 
odorant properties, antibacterial properties, antifungal 
properties or antisoiling properties. 
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Description 

Technical Field 

[0001] The present invention relates to a fibre structure with outstanding deodorant properties, residual-odour pre- 
vention properties, antibacterial properties and/or antifungal properties, etc, of durability not found hitherto. Such a 
fibre structure can be applied widely to, for example, clothing, curtains, wall covering materials, sheet materials, bedding 
and other such interior materials, and the interior trim materials of automobiles and other vehicles. 

Background Art 

{0002] In recent years, along with improvements in standards of living, awareness of health and hygiene has also 
increased and, in the fields of clothing, food and housing, practical use is being made of products and techniques 
where deodorant, antibacterial, antifungal and antisoiling processing is employed. In particular, in the field of clothing, 
various deodorant, antibacterial and antifungal processing techniques have been developed. Furthermore, develop- 
ments have also progressed in other areas such as household interiors. 

[0003] For example, photocatalysts employed immobilized on the surface of an inorganic material such as a ceramic 
or glass are effective in terms of their deodorant properties, antibacterial properties, antifungal properties and antisoiling 
properties but, in order to fix photocatalysts to fibres., acrylic or urethane binders have hitherto been used and, since 
these are organic materials, the binders are themselves decomposed by the powerful oxidative decomposition capacity 
of the photocatalysts, causing problems such as discoloration and bad odours. 

[0004] Other types of deodorant chiefly comprise those based on a neutralizing action, and few of these can exhibit 
a sustained deodorant function. For example, although acidic titanium oxide, aluminium sulphate and the like do show 
an effect in terms of deodorizing ammonia and other alkaline malodours, they are ineffective against bad smells which 
are neutral. Furthermore, in the case of zinc oxide where the deodorant itself is a base material, while this will neutralize 
acidic malodours such methyl mercaptan and hydrogen sulphide and convert them into odourless materials, it is inef- 
fective against neutral malodours. Moreover, in these deodorizing methods based on a neutralizing action, no further 
effect is exhibited once the deodorant becomes saturated, and so a treatment of some kind, such as washing, is 
required to restore function. 

[0005] There are also known deodorants which utilise physical adsorption, such as active carbon and silica. However, 
with these, the malodorous components are adsorbed and not decomposed, so they do not fundamentally resolve the 
situation. Ideally, it is necessary that malodorous components be completely decomposed to odourless components, 
but only a very few chemical materials are known which have such an action. For example, there is iron-phthalocyanine, 
and this material, which carries out oxidative degradation enzymically, has been incorporated into rayon fibre and used 
for example as a futon filler, and it has been confirmed that the odour of ammonia is thereby eliminated. Moreover, it 
is also known that hydrogen sulphide is oxidized to sulphur, mercaptans to disulphides, aldehydes to carboxylic acids 
and amines to ketones and ammonia. However, amongst these degradation products are some which themselves 
have a bad odour, and furthermore it cannot be said that chemical materials of this kind are effective against all bad 
odours. Specifically, they are not effective in eliminating the smell of tobacco or of perspiration. 
[0006] Complex malodours like tobacco combustion gas are said to contain thousands of components, and deodor- 
izing all of these has been difficult. Moreover, there are no deodorants which are effective against isovaleric acid, which 
is the principal component of human sweat. Again, the malodorous components of underarm odour are a mixture of 
several kinds of lower fatty acids and it has been difficult to render these completely odourless. 
[0007] In the case of fibre structures which have been subjected to such deodorant processing, the adsorbed com- 
ponents may themselves give rise to a bad smell or the malodorous components may be changed by decomposition 
into other components which themselves produce a strange smell. In view of the problems of the prior-art, the present 
invention aims to offer a fibre structure with the outstanding functions of providing sustained deodorant, antibacterial, 
antifungal and antisoiling properties, without discoloration or degradation at the time of use. 

Disclosure of Invention 

[0008] In order to realise this objective, the present invention adopts the following means. 

[0009] Specifically, the fibre structure of the present invention is characterized in that it has, on the fibre surface, a 
complex oxide comprising titanium and silicon, plus a binder. In particular, the invention relates to a fibre structure with 
outstanding deodorant, antibacterial and other properties which preferably has, on the fibre surface, a complex oxide 
comprising titanium and silicon, plus at least one type of binder selected from alkyl silicate resins, other silicone resins 
and f luororesins. 
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Brief Description of Drawing 

[0010] Figure 1 shows the cross-sectional shape of fibre employed in Example 1 . 

5 Best Mode for Carrying Out the Invention 

[0011] In the present invention, photocatalyst refers to a substance with the property of being excited by ultraviolet 
light and oxidative ly-degrading organic materials by means of its powerful oxidative capacity, and specific examples 
include those with a crystal structure referred to as being of the anatase type or rutile type. 

10 [001 2] In the present invention, attention has been directed to the fact that such a photocatalyst possesses deodorant 
properties, discolouring-material degrading and elimination properties (antisoiling properties) and disinfection proper- 
ties (antibacterial and antifungal properties), and these may be manifested by conferral onto fibre structures. 
[0013] For example, numerous processing techniques with a deodorizing function have been suggested hitherto but, 
in the case of these prior-art deodorizing techniques, there has been the problem that only specific odours are eliminated 

is while the rest remain, and furthermore their durability and persistence has been poor. 

[001 4] However, with the photocatalyst of the present invention there may be achieved extremely outstanding effects 
not seen hitherto, in that there is shown a well-balanced deodorization of odours which have caused difficulties in the 
past, such as tobacco and body odours like perspiration odours, and fuithermore, since the photocatalyst has the 
function of oxidatively degrading such odours, it prevents unpleasant residual/clinging odours. In addition, since it has 

20 the function of degrading and eliminating discolouring materials such as nicotine, it is also possible to achieve an 
antisoiling effect in respect of discolouring materials. Moreover, since the photocatalyst of the present invention has, 
on account of its oxidizing capability, a germicidal capacity in terms of, for example, methicillin-resistant Staphytoccus 
aureus (MRSA), Escherichia coii and Staphytoccus aureus, it is also possible to achieve antimicrobial and antifungal 
processing effects. 

25 [0015] If the particle diameter of the photocatalyst is too great or if its specific surface area is too small, there is a 
tendency for the degradation rate of organic materials, in particular the degradation rate of bacteria, to decrease. 
Furthermore, it is thought that the deodorant reaction involves a process in which the malodorous components are 
adsorbed onto the catalyst and are then subjected to ultraviolet oxidative degradation, and since the ease or difficulty 
of malodorous component adsorption is thought to greatly influence the deodorant efficiency, the use of particles of 

30 primary particle diameter no more than 20 nm and having a specific surface area of 100-300 rr^/g is preferred. If the 
amount of photocatalyst affixed to the fibre structure is too low, the rate of decomposition of organic materials such as 
the malodorous components will be reduced, and satisfactory performance is not obtained. If the amount is too high, 
degradation of the fibre fabric is brought about due to the photocatalyst and the fabric handle also becomes harsh, so 
the fibre material becomes impractical and, furthermore, the bad smell generated as a result of oxidative degradation 

35 of the fibre orthe binder, etc, by the photocatalyst itself becomes a problem. Hence, the amount of photocatalyst affixed 
to the fibre structure is preferably 0.03 to 10 wt% and more preferably 0.05 to 5 wt%, with the range 0.08 to 3 wt% 
being still further preferred. 

[0016] It is important that there be used a complex oxide of titanium and silicon as the photocatalyst in the present 
invention. As said complex oxide., there may be used the catalyst produced by the method described in JP-B-5-551 84. 

40 Generally speaking, binary complex oxides comprising titanium and silicon are known as solid acids, as described by, 
for example, K. Tanabe (Shokubai {Catalysts}, Vol.17, No.3, page 72 1975), and they exhibit marked acidity not ob- 
served in the respective oxides from which they are composed. Moreover, they have a high surface area. In other 
words, the complex oxides of titanium and silicon are not simple mixtures of titanium oxide and silicon oxide, but are 
recognized as exhibiting characteristic properties due to the fact that the titanium and silicon form a so-called binary 

45 oxide. Furthermore, the results of X-ray diffraction analysis have shown that this composite oxide has a non-crystalline 
or essentially non-crystalline microstructure. With regard to the proportions of the titanium and silicon by conversion 
to the oxide, preferred results are shown when the titanium oxide lies in the range 20-95 moi% and the silicon oxide 
lies in the range 5-80 mol%. If the proportion of the silicon oxide is too great, there is a tendency for the photocatalytic 
activity capacity of the titanium oxide to be weakened, and so the optimum proportions should be determined according 

so to the usage objectives. In a preferred method for the production of the complex oxide of titanium and silicon, titanium 
tetrachloride is mixed with a silica sol, then aqueous ammonia added dropwise, to produce a precipitate, and this 
precipitate is filtered off, washed and dried, after which it is calcined at 300-650°C. When compared to the generally- 
known titanium oxide photocatalysts, this catalyst is characterized in that its organic material oxidative degradation 
characteristics are not excessively strong, its antibacterial, deodorant, residual-odour-prevention and antisoiling prop- 

55 erties are excellent as described above and, furthermore, the reduction in effect, the generation of a bad smell and 
discoloration, etc, which accompany decomposition of the binder are all suppressed. 

[0017] It is especially preferred that the photocatalysts be applied onto the fibre surface along with at least one type 
of binder selected from alkyl silicate resins, other silicone resins and fluororesins. The complex oxide of titanium and 
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silicon has a strong oxidative capacity and brings about decomposition of organic materials by irradiation of ultraviolet 
light, and it may bring about degradative discoloration of the fibre structure and binder resin, etc, so if for example a 
urethane resin or acrylic resin is present along with the photocatalyst, and ultraviolet irradiation takes place, there is 
discoloration or generation of a bad smell due to decomposition of this organic material. 

[001 8] In the present invention, by using at least one type of binder selected from alkyl silicate resins, other silicone 
resins and fluororesins for the purposes of affixing the photocatalyst comprising a complex oxide of titanium and silicon 
to the fibre structure, it is possible to prevent the decomposition, discoloration or generation of a smell characteristic 
of organic resin oxidation by the photocatalyst. Furthermore, in order to protect the fibre from decomposition due to 
oxidation by the photocatalyst, there may be provided an intermediate layer of an inorganic material such as titanium 
peroxide between the fibre and the binder containing the photocatalyst. 

[0019] The alkyl silicates employed in the present invention are characterized in that they comprise primarily Si-0 
bonding regions and linear or branched saturated alkyls, and they have OH groups at the two ends. They include 
structures of the following kind. 

OH-(Si-0) n -R-OH 

[0020] In the formula, R is a linear or branched saturated alkyl group with 1 to 10 carbons, and n is an integer of 
value at least 1 and preferably a value in the range 1 ,000 to '10,000 in order to raise the inorganic character. 
[0021] The alkyl group is a linear or branched saturated alkyl such as methyl, ethyl, propyl or isopropyl. There may 
be used a single such alkyl silicate or a mixture of two types may be employed. A characteristic feature of these 
compounds is that they readily undergo a dehydration reaction in the presence of heat, to form a potysiloxane coating. 
Alkyl silicates are water soluble and, following immersion of the fibre structure in a solution thereof, the fibre structure 
may be mangled and then treated at no more than 200°C to produce a thin coating on the fibre surface. 
[0022] It is also possible to directly affix the alkyl silicate and complex oxide comprising said titanium and silicon to 
the surface of the fibre structure. 

[0023] The photocatalyst may also be affixed by the mixing of a binder comprising a silicone resin or fluororesin. As 
stated above, these binders are excellent in their heat resistance, light resistance and chemical resistance, and they 
possess outstanding durability in terms of the oxidative capacity of the photocatalyst semiconductor. 
[0024] As the other silicone resins referred to here, there can be used crosslinking type resins belonging to the 
categories known as silicone resins or silicone varnishes, and said resins include those which can be obtained by 
condensation of a single crosslinking type resin like tetraethoxysilane or methyltrimethoxysilane, or a mixture of a 
number thereof. These form a resin of three-dimensional structure and, from amongst the silicone resins, they are the 
most outstanding in their heat and chemical resistance. Furthermore, there is the feature that, if the silicon oxide sol 
obtained by subjecting tetraisopropoxysilane or tetraethoxysilane to hydrolysis by means of strong acid in an alcohol/ 
water mixed solvent is then dried, a glassy coating is formed. The structure obtained by such a sol/gel method is close 
to being inorganic, and is a further preferred structure in the present invention. 

[0025] As fluororesins, the fluoroolefin polymers and the copolymers of fluoroolefins and vinyl ethers and/or vinyl 
esters have excellent properties, and so these are preferably employed. For example, polyvinyl fluoride, polytetrafluor- 
oethylene, tetrafluoroethylene/perfluoroalkyl vinyl ester copolymers and vinyl ester/flu oroolef in copolymers show little 
decomposition and degradation, and are preferably used. 

[0026] Unlike the normally-employed organic resins such as acrylic resins, urethane resins and epoxy resins, these 
silicone resins and fluororesins for the most part do not contain the hydrocarbon groups which are readily decomposed 
by the action of heat or chemicals. The silicone resins are composed primarily of Si-O bonds and the fluororesins are 
composed primarily of F-C bonds, and they contain just a small amount of hydrocarbon groups in the form of methyl 
groups or phenyl groups at the chain terminals or in side chains. 

[0027] As a method for conferring water-absorption properties on this binder, or on the entire fibre structure containing 
photocatalyst on which said binder has been applied, there can be adopted the method of mixing with the binder, or 
applying to the fabric as a whole, a water-absorbing silicone resin with at least one type of group selected from hy- 
drophilic hydroxyl groups (-OH), carboxyl groups (-COOH), amino groups (-NH 2 ) and amido groups (-CONH 2 ) or a 
water-absorbing silicone resin with a plurality of ethylene glycols, or a hydrophilicizing processing agent such as a 
compound containing polyethylene oxide groups or a cellulose compound. Amongst the latter type of hydrophilicizing 
processing agents, it is preferred that there be used a hydrophilic polyester resin in which the chief component is a 
polyalkylene glycol/polyester block copolymer. Furthermore, the water-absorbing silicone resins of the former category 
may themselves be used as binders. 

[0028] By employing such hydrophilicizing processing agents as a water-absorbing agent, there can be obtained a 
photocatalyst-containing fibre structure which can be used in sportswear applications and the like, where water ab- 
sorption properties are required. When using an organic water-absorbing agent resin or hydrophilicizing agent, it is 



EP1 188 854 A1 

preferred that it be used within a range such that no decomposition, discoloration or malodour production occurs due 
to oxidation by the photocatalyst semiconductor. 

[0029] It is also possible to add a coupling agent to the aforesaid binder, and in this way it is possible to enhance 
the adhesion between the inorganic and organic materials. In so-doing, chemical bonding forces mutually act between 
5 the fibre, binder and photocatalyst semiconductor, with the result that the washing durability can be enhanced. 

[0030] Next, by adding a coupling agent to the aforesaid binder, it is possible to enhance the adhesion between the 
inorganic and organic materials. In this way, chemical bonding forces mutually act between the fibre, binder and pho- 
tocatalyst semiconductor and there is enhanced water durability. 

[0031] The further addition of zeolite enhances the adsorption capacity in terms of odour components and raises the 
w inorganic component content of the' structure, and there is an effect in suppressing decomposition due to the photo- 
catalyst. Moreover, it is possible to use zeolite on which there has been supported 0.01 to 5 wt% of a noble metal such 
as gold, platinum, silver, palladium or the like, in this way, the antibacterial effect is further enhanced. 
[0032] Synthetic fibre or natural fibre can be used for the fibre structure of the present invention and there are no 
particular restrictions thereon, but it is preferred that the fibre structure be composed of fibre which contains at least 
15 50 wt% polyester fibre. The polyester fibre here is preferably polyethylene terephthalate, polypropylene terephthalate, 
polybutylene terephthalate, polyhexamethylene terephthalate or the like. Again, the polyester from which the polyester 
fibre is composed may be polyester in which a third component has been copolymerized, and as preferred examples 
of such a third component employed in the copolymerization there are isophthalic acid, 5-sodiumsulphoisophthaiic 
acid, methoxypolyoxyethylene glycol and the like. The functional characteristics of the present invention are displayed 
20 with outstanding effect in the case where the fibre structure is composed of at least 50 wt% polyester fibre, more 
preferably at least 70% and still more preferably 100%. Now, in the present invention, besides polyester fibre, there 
can be included synthetic fibre such as for example polyamide or polyacrylic, semi-synthetics such as acetate or rayon, 
or natural fibres such as wool, silk, cotton or flax. 

[0033] The fibre structure referred to in the present invention encompasses not just fabric-form materials but also 
25 items composed of fibres like belt-form materials, string-form materials, yarn-form materials and the like. The structure 
and shape may be of any kind but a fabric-form chiefly comprising synthetic fibre is preferred, that is to say a woven 
material, knitted material or nonwoven material, and it may also be a composite material. 

[0034] In the present invention, the polyester fibre may contain inert titanium oxide. As this inert titanium oxide there 
can be used for example the titanium oxide normally employed as a delustrant in the production of polyester synthetic 

30 fibre. By adding said inert titanium oxide, there may be a lessening of the effects, on the polyester fibre, of the redox 
action of the photocatalyst employed in the upper layer region. Said inert titanium oxide is normally added at the time 
of the polymerization of the polyester fibre, and from the point of view of spinnability and the yarn properties it is 
preferred that the average particle diameter be 0.1 to 0.7 urn and more preferably 0.2 to 0.4 um 
[0035] Again, the amount of said inert titanium oxide added is preferably 0 to 5 wt%, and where required 0.5 to 4 

35 wt%, in terms of fibre weight. If there is more than 5 wt%, the spinnability and the yam properties are affected. 

[0036] The cross-sectional aspect ratio of the polyester fibre in the present invention refers to a comparison of the 
outer circumferential length of fibre of non-circular cross-section to the outer circumferential length of circular cross- 
section fibre of the same cross-sectional area, or put another way, of the same denier, and specifically it denotes the 
value of the outer circumference of the fibre of non-circular cross-section divided by the outer circumference of the 

40 circular cross-section fibre. This invention may often be applied to fibre of circular cross-section but the greater the 
cross-sectional aspect ratio the greater the surface area per weight of fibre, and with it the greater the area of the 
photocatalyst layer so that the effect thereof is proportionally increased. The cross-sectional aspect ratio of the fibre 
used will lie in the range 1.2 to 2, and preferably 1.3 to 1.8. Where the value is greater than 2, there is the disadvantage 
that fibre production is difficult. 

« [0037] Next, an example of the method of producing the fibre structure of the present invention is explained. 

[0038] Preferably with fine zeolite particles added to the binder, in particular zeolite on which 0.01 to 5 wt% of a noble 
metal such as gold is supported, and still more preferably with a coupling agent also added to the binder, there is mixed 
therewith an aqueous dispersion of a complex oxide of titanium and silicon, and this is used as the processing liquid. 
[0039] Next, the fibre structure is immersed in this processing liquid, after which it is mangled and passed through 

so a dry-cure stage. Alternatively, the processing liquid is prepared to a suitable viscosity, then applied by means of a 
knife coater or gravure coater or by printing, etc, after which it is dried and fixed at a temperature not exceeding 200°C. 
[0040] In this way, it is possible to provide a fibre structure which as well as possessing satisfactory deodorant, 
antibacterial, antifungal and antisoiling properties of hitherto unattainable durability, also possesses outstanding func- 
tionality in terms of preventing residual/clinging odours. 

55 

Examples 

[0041] Below, the present invention is explained in further detail by means of examples. In these examples the eval- 
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uation of the product quality was carried out by the following methods. 
, (Washing) 

s [0042] Using an automatic electric washing machine VH-3410 (made by the Toshiba Corp.), washing was carried 
out by strong agitation for 5 minutes at a bath ratio of 1 : 50, using 0.2% commercial detergent at 40 ± 2°C, after which 
there was repeated two times the steps of water discharge and rinsing in flowing water for two minutes. This comprised 
one wash. 

10 (Evaluation of deodorant properties by means detection tube method) 

[0043] Ammonia gas was introduced into a 500 ml vessel containing 1 0 g of sample, to give an initial concentration 
of 200 ppm of ammonia and then the vessel was sealed and left for 1 hour, after which the residual ammonia concen- 
tration was measured with a gas detector tube. The percentage deodorizing was calculated based on the following 
is relationship. 



percentage deodorizing (%) = 
[1 - (concentration measured by gas detector tube)/(initial concentration)] x 100 



[0044] By the same method; the residual gas concentration was measured in the case of 200 ppm of acetaldehyde 
after 1 hour, and in the case of 60 ppm of methyl mercaptan after 3 hours, and the percentage deodorizing of the gas 
calculated in each case. 

25 

(Olfactory evaluation of tobacco odour deodorant property) 

[0045] After inverting a 500 ml glass conical flask and leaving a smoke-producing lighted cigarette under the flask 
mouth for 5 seconds, the flask was quickly turned on its side, 3 g of sample introduced and the flask closed with a 
30 glass stopper. After leaving to stand for 1 hour, the stopper was removed and sensory evaluation of the remaining 
smell performed by 1 0 individuals. The odour at that time was evaluated on the following points basis, and mean values 
determined. 



5: intense odour 
35 4: strong odour 

3: readily perceptible 
2: weak odour perceptible 
1: barely perceptible odour 
0: no odour 

40 

(Olfactory evaluation of residual-odour prevention property based on odour of isovaleric acid) 

[0046] 25 \i\ of a 0.01 % aqueous isovaleric acid solution was measured out with a microsyringe and five 5 u.l drops 
added to the central region of cloth which had been cut to size 10 cm x 10 cm. With regard to the method of adding 
45 the drops, one drop was placed in the central region of the cloth and then four drops carefully added surrounding the 
central drop to make a pattern of five as on a dice. After leaving the cloth for 3 hours under a fluorescent light, sensory 
evaluation of the odour of the cloth was carried out by 1 0 individuals. The odour was evaluated on the same basis as 
the points evaluation in the case of the tobacco odour, and the mean determined. 



so (Degradation odour) 

[0047] A 1 0 cm x 1 0 cm sample was spread out at the bottom of a 500 ml glass conical flask container, and then this 
was closed with a glass stopper and left for 48 hours indoors at a west-facing glass window. Thereafter, the glass 
stopper was removed and sensory evaluation of the odour in the flask was carried out by 10 individuals. The odour 
55 was evaluated on the same basis as the points evaluation in the case of the tobacco odour, and the mean determined. 
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(Antibacterial property evaluation method) 

[0048] A standardized test method was employed as the evaluation method and a clinically isolated strain of Sta- 
phylococcus aureus was used as the test micro-organism. The test method comprised adding this test microorganism 
5 to sterilized test fabric, measuring the viable count after 18 hours of culturing, determining the number of organisms 
in terms of the increase in number of organisms, and then applying the following evaluation criterion. 
[0049] On condition that log(B/A) > 1 ,5, log (B/C) is taken as a measure of the difference in microbial propagation, 
and this should be at least 2.2. 

[0050] Here, 'A' denotes the number of dispersed/recovered microorganisms directly after inoculation of the unproc- 
10 essed item, 'B' denotes the number of dispersed/recovered microorganisms after culturing the unprocessed item for 
18 hours, and 'C denotes the number of dispersed/recovered microorganisms after culturing the processed item for 
18 hours. 

(Water absorption property) 

15 

[0051] The water absorption time was measured in accordance with Method A (dropwise method) in JIS L-1018. 
The smaller the value the better the water absorption . 

(Method of evaluating the antisoiling property) 

20 

[0052] 

Procedure 1 : 0.2 g of a soiling material of composition shown in Table 1 , which had been dried for 2 hours at 100°C, 
a sample of length 1 0 cm and width 1 6 cm, and an ICI rubber pilling tube were together introduced into a polyeth- 
25 yiene bag (20 litres). The bag was inf lated with air at 20°C x 65%RH (to about 1 0 litres) and fastened with a rubber 

band. 



Table 1 



Chemical Name 


Weight % 


Specification 


clay 


55.00 


Shiragaki clay pounded in mortar 


Portland cement 


17.00 


JISR5210 


silicon dioxide 


17.00 


JIS K8885 


ferric oxide 


0.50 


reagent CP grade 


n-decane 


8.75 


reagent EP grade 


carbon black 


1.75 


Tamagawa carbon black 



40 Procedure 2: The polyethylene bag from Procedure 1 was introduced into an ICI tester box and rotation carried 

out for 1 hour. Thereafter a sample was taken. 

Procedure 3: The treated sample was washed once under the standard washing conditions. Procedures 1 to 3 
were repeated a further two times. 

45 

Procedure 4: The L-values of the sample soiled and washed three times as described above, and of an untreated 
sample, were respectively measured using a colorimeter and the value of the difference AL calculated. 

Example 1 

50 

[0053] A fibre fabric of weight per unit area 1 80 g/m 2 comprising 35wt% cotton and 65% polyester of single filament 
average fineness 3.3 dtex and circular cross-section, and which contained 0.35 wt% of inert titanium oxide of average 
particle diameter 0.3 u.m, was subjected to scouring, drying, intermediate-setting and dyeing under the usual processing 
conditions. 

55 [0054] Furthermore, as a photocatalyst, there was used a 20% aqueous dispersion of complex oxide of titanium and 
silicon of average primary particle diameter 7 nm and average specific surface area 150 m 2 /g. The average particle 
diameter at this time was 0.3 um Using this photocatalyst dispersion, an aqueous solution of processing liquid com- 
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prising the following components was employed in Example 1 . 



titanium and silicon complex oxide (cone. 20%) 

(TR-T2, produced by the Daikyo Chemical Co.) 


1 .0 wt% 


alkyl silicate resin (cone. 20%) 

(CLG-520, produced by the Kyoeisha Chemical Co.) 


1 .0 wt% 


silicone resin (cone. 45%) 

(BY22-826, produced by Dow Corning Toray Silicone Co.) 


1 .5 wt% 


silane coupling agent (cone. 100%) 

(TSL-8350, produced by the Toshiba Silicone Co.) 


0.2 wt% 


noble metal-supported type zeolite (cone. 20%) 

(Zeomic AW10N, produced by the Sinanen Zeomic Co.) 


0.3 wt% 



20 [0055] The aforesaid dyed fibre fabric was immersed in this processing liquid, then mangled to a pick-up of 80 wt% 
and dried for 2 minutes at 120°C, after which heat treatment was carried out for 1 minute at 180°C, and a structure 
containing photocatalyst at the fibre surface was obtained. ' 

[0056] Evaluation of the deodorant, antibacterial, antisoiling and water absorption properties, etc, of this fibre fabric 
was carried out. The results are shown in the table below. 

25 

Example 2 

[0057] Processing Liquid 2 was produced by further adding 0.5 wt% of fluororesin (concentration 20%) [DIC Guard 
F-90, produced by Dainippon Ink & Chemicals] to the processing liquid in Example 1 . Processing was carried out in 
30 the same way as in Example 1 using Processing Liquid 2 and a treated fabric with photocatalyst obtained. Evaluation 
of the deodorant, antibacterial, antisoiling and other properties of this fibre fabric was carried out. The results are shown 
in the table below. 

Example 3 

35 

[0058] Processing Liquid 3 was produced by omitting the silane coupling agent in the processing liquid of Example 
1. Processing was carried out in the same way as in Example 1 using Processing Liquid 3 and a treated fabric with 
photocatalyst obtained. Evaluation of the deodorant, antibacterial, antisoiling and other properties of this fibre fabric 
was carried out. 

40 

Example 4 

[0059] Processing Liquid 4 was produced by omitting the silane coupling agent and the noble metal -supported zeolite 
in the processing liquid of Example 1 . Processing was carried out in the same way as in Example 1 using Processing 
45 Liquid 4 and a treated fabric with photocatalyst obtained. Evaluation of the deodorant, antibacterial, antisoiling and 
other properties of this fibre fabric was carried out. The results are shown in the table below. 

Example 5 

^ [0060] Processing Liquid 5 was produced by adding 1 .0 wt% of a hydrophilic polyester resin chiefly comprising poly- 
alkylene glycol/polyester block copolymer (Nicepore PR-99, produced by the Nicca Chemical Co.) to the processing 
liquid of Example 1. Processing was carried out in the same way as in Example 1 using Processing Liquid 5 and a 
treated fabric with photocatalyst obtained. Evaluation of the deodorant, antibacterial, antisoiling, water absorption and 
other properties of this fibre fabric was carried out. The results are shown in the table below. 

55 

Example 6 

[0061] 5 wt% of sodium hydroxide NaOH was added to a 30 wt% solution of titanium tetrachloride TiCI 4 , then the 
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mixture left for a while, and titanium hydroxide Ti(OH) 4 obtained. This was treated with 25 wt% hydrogen peroxide and 
Processing Liquid 6 comprising non-crystalline titanium peroxide obtained. The dyed fibre fabric employed in Example 
1 was immersed in Processing Liquid 6, then mangled to a pick-up of 80 wt% and dried for 2 minutes at 120°C, after 
which heat treating was carried out for 1 minute at 180°C, and there was obtained a fibre fabric with a non -crystal line 
5 titanium peroxide particle layer on the fibre surface. This fibre fabric was then processed with Processing Liquid 1 in 
the same way as in Example 1 , and a treated fabric with photocatalyst obtained. Evaluation of the deodorant antibac- 
terial, antisoiling and other properties of this fibre fabric was carried out. The results are shown in the table below. 

Example 7 

10 

[0062] By means of a PVD method, fine zeolite particles were affixed by vapour phase coating onto the dyed fibre 
fabric of Example 1. Subsequently, this fibre fabric was processed with Processing Liquid 1 in the same way as in 
Example 1 , and a treated fabric with photocatalyst obtained. Evaluation of the deodorant, antibacterial, antisoiling and 
other properties of this fibre fabric was carried out. The results are shown in the table below. 

15 

Example 8 



[0063] A processing liquid comprising 



20 


alky) silicate resin (cone. 20%) 

(MS51 , produced by the Mitsubishi Chemical Corp.) 


20.5 wt% 




methanol 


8.5 wt% ! 




pure water 


70.0 wt% 


25 


sulphuric acid (cone. 20%) 


1 .0 wt% 



was employed as Processing Liquid 8. 5 g/m 2 (dry basis) of this Processing Liquid 8 was applied with a gravure roller 
onto the dyed fibre fabric surface of an artificial suede leather comprising a nonwoven material. Thereafter, processing 
of this fibre fabric surface was carried out with Processing Liquid 1 using a gravure roller in the same way, so that 7g/ 
m 2 was applied (dry basis) and a treated fabric with photocatalyst obtained. Evaluation of the deodorant, antibacterial, 
antisoiling and other properties of this fibre fabric was carried out. The results are shown in the table below. 



Example 9 

[0064] A fibre fabric of weight per unit area 1 80 g/m 2 comprising 35wt% cotton and 65% polyester of single filament 
average fineness 3.3 dtex, having a flattened cross-shaped fibre section as shown in Figure 1 , and a cross-sectional 
aspect ratio of 1 .5 : and which contained 0.35 wt% of inert titanium oxide of mean particle diameter 0.3 um, was subjected 
to scouring, drying, intermediate-setting and dyeing under the usual processing conditions. 

[0065] This dyed fibre fabric was immersed in Processing Liquid 1 , then mangled to a pick-up of 80 wt% and dried 
for 2 minutes at 120°C i after which heat treating was carried out for 1 minute at 180°C, and there was obtained a 
structure with photocatalyst on the fibre surface. Evaluation of the deodorant, antibacterial, antisoiling, water absorption 
and other properties of this fibre fabric was carried out. The results are shown in the table below. 

Examples 1 0 to 1 5 

[0066] Testing was carried out in the same way as in Example 1 except that the amounts of binder and complex 
oxide of titanium and silicon were varied. The results are shown in the table below. 



Comparative Example 1 



55 



[0067] The dyed fabric in Example 1 was processed in the same way as in Example 1 using a processing liquid 
comprising the following components, and employing as the photocatalyst a 40% aqueous dispersion of a simple Ti0 2 
composition. The average primary particle size of the photocatalyst was 20 nm and the average specific surface area 
was 50 m 2 /g. 



titanium oxide photocatalyst (cone. 40%) 

(STS-21 , produced by Ishihara Sangyo Kaisha Ltd) 



0.5 wt% 
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' (continued) 




5 


alkyl silicate resin (cone. 20%) 

^ohj-o^u, proaucea uy me ivyoeisna unemicai L-o.) 


1.0 wt% 




silicone resin (cone. 45%) 

(BY22-826, produced by Toray-Dow Corning Silicone Co.) 


1 .5 wt% 


10 


silane coupling agent (cone. 1 00%) 

(TSL-8350, produced by the Toshiba Silicone Co.) 


0.2 wt% 


15 


noble metal-supported type zeolite (cone. 20%) 

(Zeomic AW10N, produced by Sinanen Zeomic) 


0.3 wt% 



[0068] The results obtained are shown in the table below. 



Comparative Example 2 

20 

[0069] Exampie 1 was repeated, except that no photocatalyst was added to the processing liquid. 
[0070] Tables 2 and 3 show the conditions and results for the various Examples and Comparative Examples. It will 
be clear from these tables that, when contrasted with the Comparative Examples, Examples 1 to 9 show a good balance 
of deodorant properties at an outstanding level. Furthermore, Examples 1 , 2 and 5 are outstanding in their deodorant, 
25 antibacterial and antisoiling properties and in their durability. Of these, when Exampie 1 and Example 9 are compared, 
it can be seen that Example 1 , which has the greater cross-sectional aspect ratio, has more outstanding deodorant, 
antibacterial and antisoiling properties, so the effect of the difference in cross -sectional aspect ratio is apparent. More- 
over, it is clear that Example 5 is outstanding in its water absorption when compared to Example 1 and Comparative 
Example 1 . The results are shown in the table below 

30 

Industrial Applicability 

[0071] In accordance with the present invention, it is possible to offer a fibre structure possessing functional properties 
which can be widely utilized in, for example, clothing, and curtains, wall covering materials, sheet materials, bedding 
55 and other such interior materials, and the interior trim materials of automobiles and other vehicles. 
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Claims 

1. A fibre structure with deodorant or antimicrobial properties which is characterized in that it has, on the fibre 
surface, a complex oxide comprising titanium and silicon, plus a binder. 

2. A fibre structure with deodorant or antimicrobial properties according to Claim 1 where the binder chiefly comprises 
resin selected from alkyl silicate resins, other silicone resins and fluororesins. 

3. A fibre structure with deodorant or antimicrobial properties according to Claim 1 which also has zeolite on the fibre 
surface. 

4. A fibre structure with deodorant or antimicrobial properties according to Claim 1 which also has a coupling agent 
on the fibre surface. 

5. A fibre structure with deodorant or antimicrobial properties according to Claim 1 which also has a water-absorbing 
agent on the fibre surface. 

6. A fibre structure with deodorant or antimicrobial properties which has on the fibre surface, as an intermediate layer, 
at least one layer selected from a titanium peroxide particle layer, a zeolite layer and an alkyl silicate layer, and, 
furthermore, which has a structure according to Claim 1 as an upper layer region. 

7. A fibre structure with deodorant or antimicrobial properties according to Claim 1 where the complex oxide comprises 
fine particles of specific surface area 1 00-300 rrfrg. 

8. A fibre structure with deodorant or antimicrobial properties according to Claim 1 where the complex oxide comprises 
fine particles of average primary particle diameter in the range 1 to 20 nm. 

9. A fibre structure with deodorant or antimicrobial properties according to Claim 1 where the amount of affixed com- 
plex oxide is 0.03 to 1 0 wt% in terms of the fibre structure. 

10. A fibre structure with deodorant or antimicrobial properties according to Claim 9 where the amount of affixed com- 
plex oxide is 0.05 to 5 wt% in terms of the fibre structure. 

11. A fibre structure with deodorant or antimicrobial properties according to Claim 10 where the amount of affixed 
complex oxide is 0.08 to 3 wt% in terms of the fibre structure. 

12. A fibre structure with deodorant or antimicrobial properties according to Claim 1 which contains at least 50 wt% 
polyester fibre. 

13. A fibre structure with deodorant or antimicrobial properties according to Claim 1 2 where the polyester fibre contains 
0.3 to 5 wt% of inert titanium oxide. 

14. A fibre structure with deodorant or antimicrobial properties according to Claim 12 where the polyester fibre has a 
cross -sectional aspect ratio of 1 .2 to 2. 
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Figure 1 
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